Quantitative and qualitative modifications of the plasma proteins are of particular importance among the systemic manifestations of rheumatoid arthritis. Increase of a2-and y-globulins may be found in most patients (Ropes, Perlmann, Kaufman, and Bauer, 1954) in relation to the onset, evolution, and activity of the disease (Bonomo, 1957) . The most important pattern consists generally of a predominant hypergammaglobulinaemia, but this may not be considered a specific finding of rheumatoid arthritis because it is a common serological pattern of many diseases involving chronic inflammatory processes (Bonomo, 1957;  Claman and Merrill, 1965) . This indicated that a more thorough survey of this globulin fraction, which is carrier of nearly all the serum antibody activity (Heremans, 1960) , should be undertaken. The serum gammaglobulins form a heterogenous system and the main components (yG, yA, yM, and yD) can be distinguished on the basis of different antigenic groups (Heremans, 1960; Fahey, 1962; Claman and Merrill, 1964; Fahey and McKelvey, 1965) . Immuno-electrophoresis is a useful method of separating fractions and evaluating the presence and the nature of any abnormal components in the serum, but this technique is based on a semi-quantitative method and may not give precise quantitative indications of the changes in each of the fractions. Recently, by using the radial immunodiffusion technique, it has been possible to study and estimate quantitatively each single gammaglobulin fraction by means of specific anti-sera directed against the corresponding antigenic group (Heremans, Vaerman, Carbonara, Rodhain, and Heremans, 1963; Claman and Merrill, 1964) .
The purpose of this paper is to study the sera of patients with rheumatoid arthritis by means of immuno-electrophoresis on agar and immunodiffusion methods to define alterations immunologically and to establish their specificity and their relationship with the activity and duration of the disease. Moreover, it appeared to be of interest to check in the tested sera the possible relations between the levels of yM fraction, to which rheumatoid factor belongs, and the positivity of the agglutination reaction.
Material and Methods Human Subjects
(1) Twenty volunteer medical students and nurses without signs of illness were used as controls.
(2) 35 patients with classic rheumatoid arthritis, clinically and radiologically ascertained according to the A.R.A. criteria, and positive latex-fixation tests varying from 1:40 to 1:5120.
(3) Eight patients with rheumatoid arthritis and negative latex-fixation tests. (Grabar and Burtin, 1960) . Radial Immunodiffusion.-We used the equipment and reagents supplied by Hyland Laboratories. Each immunodiffusion plate contains six wells which are filled with the sample of serum to be examined by means of a thin capillary pipette or a microsyringe. The tip of the pipette must touch the bottom of the well. The serum is then allowed to flow by gravity, so that the well is filled to the level of the agar surface. In the same way the other wells are filled with three different dilutions of each globulin at known concentrations. The immunoplates are hermetically sealed and allowed to incubate at room temperature (20-25°C.) for 16 hrs. After incubation the diameters of each precipitation ring ( Fig. 1) are measured by placing the plates under a specially calibrated viewer, aligning one side of the ring with the zero mark on the grid. The values obtained on reading the standard solutions were plotted on semilogarithmic graph paper, reproducing the precipitate ring diameters on the horizontal scale. This gave a standard curve which was used to calculate the concentration of the various fractions examined.
Results

Immuno-electrophoresis Analysis
We observed no considerable constant increase in the precipitation line corresponding to yM fraction in the sera of sero-positive compared with seronegative cases, of patients with osteo-arthrosis, or of normal controls. A more or less evident accentuation of the yM band was seen in only a limited number of sero-positive rheumatoid patients (7 out of 35 cases), but this was also observed in two patients with sero-negative rheumatoid arthritis, four with osteo-arthrosis, and four normal subjects.
The amount of yA appeared to exceed the normal concentration in five sero-positive cases and one sero-negative case of rheumatoid arthritis and in two healthy subjects. It must be emphasized that the band corresponding to this fraction is generally covered by the yG line so that its morphology is often very hard to evaluate.
The yG fraction was found to be increased in twelve cases of sero-positive rheumatoid arthritis and in one case of osteo-arthrosis.
Radial Immunodiffusion
The quantitative results are shown in the group.bmj.com on October 29, 2017 -Published by http://ard.bmj.com/ Downloaded from (1960), we believe that this finding may be explained by the fact that variations in concentrations of rheumatoid factor, which represents roughly 10 per cent. of the total quantity of yM globulin, are so slight as to have only a negligible and inconstant effect on the total amount of yM. Further evidence that the quantity of yM is often independent of the presence or absence of rheumatoid factor in the serum is provided by our unsuccessful attempts to establish the existence of a relationship between the yM concentration and the serum agglutination titre (Fig. 5) . those obtained in many other diseases. The inconstant or absent accentuation of the precipitation line corresponding to yM fraction is noteworthy. In contrast with the observations of Cleve (1958) , Mackiewicz and Fenrych (1961,) Zanussi, Invernizzi, del Giacco, and Luporini (1961) , Caronia, Martelli, and Pitucco (1962) , and Sfikakis and Loukopoulos (1964) , our results appear to agree with the data of Francq, Eyquem, Podliachouk, and Jacqueline (1959) , Podliachouk, Francq, Eyquem, and Jacqueline (1960) , Fallet, Meyer, and Scheidegger (1961) , who think that immuno-electrophoretic analysis of rheumatoid sera is not able to reveal a significant increase of yM. It may sometimes be possible to find a very marked increase of yM in sero-negative patients and in some healthy controls, but an increase of this fraction was not observed in sero-positive cases. The results obtained with the immunodiffusion technique have also confirmed the presence in rheumatoid sera of yM levels which do not differ significantly from the normal. Similar findings were obtained in patients with sero-negative rheumatoid arthritis and sero-positive osteo-arthrosis. Hong and West (1964) have also obtained normal values in sero-positive rheumatoid patients, while Claman and Merrill (1966) found an increase in 17 per cent. of rheumatoid sera. In agreement with Heremans (1960) and Eyquem and others As for the alterations involving yA, our results agree with those of Hong and West (1964) and CIaman and Merrill (1965, 1966) . Cases of seronegative rheumatoid arthritis showed significantly high titres of yA. The mechanism of this increase in yA levels are still unknown. Moreover, the fact that allergic type antibodies as well as rheumatoid factor are in some cases associated with this fraction (Heremans and Vaerman, 1962; Heimer and Levin, 1964) complicates the subject, as it is not unknown whether this immunoglobulin has other specific functions or not. An increase in yA has been observed in some diseases, while a marked deficiency has been reported in other diseases and also in healthy subjects (Fahey and Lawrence, 1963; Rockey, Hanson, Heremans, and Kunkel, 1964; Wollheim and Williams, 1965) . Claman and Merrill (1965) believe that yA is the most labile of the immunoglobulins in comparison with the other fractions.
The results obtained with the immunodiffusion technique confirmed the marked and statistically significant increase of yG levels in patients with sero-positive rheumatoid arthritis, while normal values were obtained in cases of sero-negative rheumatoid arthritis and osteo-arthrosis. The yG fraction is increased in other collagen diseases and in many pathological conditions, such as liver diseases, infectious diseases, and some systemic haemopathies (Heremans and others, 1963) .
Marked fluctuations of yA and yG sometimes occurred in our patients. This phenomenon has also been found in healthy subjects and it may be difficult to establish the normal values of the different immunoglobulins because of this variability in serum levels. The degree of aggregation and polymerization of the globulins may produce a lower degree of immunodiffusion and thus false low results, especially in cases of rheumatoid arthritis in which 22 S circulating complexes may be present with variable frequency (Claman and Merrill, 1966) .
Hyperplasia of the reticulo-endothelial system may be important in the pathogenesis of hypergammaglobulinaemia (Bonomo, 1957) . Serum immunoglobulin levels represent the equilibrium between catabolism and synthesis in normal conditions, and the amount of immunoglobulins appears to be related to many factors, such as environment, the antigenic stimuli, and the genetic regulation of protein synthesis (McKelvey and Fahey, 1965; Wollheim and Williams, 1965) . Several diseases may interfere with the regulation of serum immunoglobulin levels, through environmental or metabolic factors. For instance, high immunoglobulin concentrations are observed in infections involving increased antigenic stimulation and in chronic inflammation in which immunoglobulin catabolism is increased (Fahey and Lawrence, 1963; Andersen, 1964) . In rheumatoid arthritis and other collagen diseases, increased immunoglobulin synthesis has been demonstrated by radio-active isotopes (Mills, Calkins, and Cohen, 1961; Andersen, 1964) .
Our series of patients is too small to determine whether the yA and yG levels are significantly related to serological and radiological alterations and disease activity in individual subjects. Bonomo (1957) suggested that the dysproteinaemic alterations may be related to the progressive clinical involvement and the course of the disease. Claman and Merrill (1966) found no correlation between immunoglobulin levels and the duration of rheumatoid arthritis.
In our cases, the three fractions of immunoglobulins behave as if independently correlated with the processes of synthesis. Furthermore, the absence of a parallel increase for each single component is a common finding in the group of diseases in which increases in gammaglobulins are observed (Heremans and others, 1963) . Some investigators have stressed that the nature of the antigenic stimulation may be an important factor in determining the type of response of each fraction (Heremans and others, 1963) .
It thus appears that alterations in the immunoglobulins in rheumatoid arthritis are frequent, but not consistent. The same changes are detectable with variable frequency in several diseases and it is therefore impossible to make a serological diagnosis on the basis of the globulin pattern alone. There was a significantly marked increase in -yA and yG in many of our cases, but this appears to have no specific significance, and should merely be considered as an aspecific index of the various humoural alterations observable in rheumatoid arthritis.
Summary
Serum immunoglobulins (yG, yA, yM) were studied in 35 cases with sero-positive and seronegative rheumatoid arthritis and in subjects with osteo-arthrosis and a positive latex test, by means of immuno-electrophoresis and the radial immunodiffusion method. Raised yA levels were found in most of the sero-positive and sero-negative rheumatoid patients, but an increase of yG was found only in sero-positive rheumatoid patients. The yM values were normal.
There was no correlation between the immunoglobulin levels and the clinical course and duration of the disease. The alterations observed are not specific for rheumatoid arthritis as similar patterns occur in other diseases. The pathogenetic significance of the increase in various y fractions is still to be clarified. The 
